A Gram-stain-positive, strictly aerobic strain, H6
The genus Saccharibacillus, belonging to the family Paenibacillaceae was proposed by Rivas et al. (2008) and the description emended by Yang et al. (2009) and Sun et al. (2016) . Cells of members of the genus Saccharibacillus are Gram-variable, facultatively anaerobic, motile and rodshped. They are negative for oxidase activity, contain anteiso-C 15 : 0 as the major fatty and menaquinone-7 (MK-7) as the major respiratory menaquinone. At the time of writing, the genus Saccharibacillus comprises only three species with validly published names: Saccharibacillus sacchari (Rivas et al., 2008) , Saccharibacillus kuerlensis (Yang et al., 2009) and Saccharibacillus deserti (Sun et al., 2016) .
Strain H6
T was isolated from the soil sample of a lead-cadmium tailing in Qixia distinct, Nanjing, China (118 57¢ E 32 9¢ N), by using the standard dilution plating technique on Luria-Bertani (LB) agar medium (g l À1 : tryptone 10.0, yeast extract 5.0, NaCl 10.0 and agar 20.0; pH 7.0). The plates were incubated for 3 days at 30 C under aerobic conditions and purified by repeatedly streaking on LB agar. The strain was routinely cultured on LB agar media for additional taxonomic experiments.
The genomic DNA of strain H6
T was prepared according to the method as described by Ausubel et al. (1995) . Amplification of the 16S rRNA gene was performed by using the universal primers 27 F and 1492 R (Lane, 1991) . The amplified PCR product was purified with a PCR purification kit (Biotech) and cloned into the pMD19-T vector (Takara) according to the manufacturer's instructions. The sequence obtained was subjected to similarity searches with the NCBI BLAST program (http://www.ncbi.nlm.nih.gov) and EzTaxon (http://www.eztaxon.org) (Kim et al., 2012) tools. Sequences were aligned using CLUSTAL X software (Thompson et al., 1997) . Phylogenetic analysis was performed with the MEGA 6.0 software package (Tamura et al., 2013) . Distances were calculated according to Kimura's two-parameter method (Kimura, 1980) . Phylogenetic trees were inferred using neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) models. Bootstrap analysis was based on 1000 replications.
The almost-complete 16S rRNA gene sequence (1518 bp) of strain H6
T showed it was affiliated phylogenetically with species of the genus Saccharibacillus; the highest similarity being found with the sequences of S. deserti WLJ055 T and recognized species of the genus Saccharibacillus and other related species is shown in Fig. 1 and S. deserti WLJ055 T were therefore selected as the reference strains for this study.
The G+C content of the genomic DNA was determined using the HPLC method as described by Mesbah et al. (1989) . DNA-DNA hybridization was performed as described by Ezaki et al. (1989) and Goris et al. (1998) to evaluate the DNA-DNA relatedness between strain H6
T and its closest relatives. As low 16S rRNA gene sequence similarities (<97 %) were found between strain H6
T and S. sacchari GR21 T and S. kuerlensis HR T , so DNA-DNA hybridization was only performed between strain H6
T and S. deserti WLJ055
T . The G+C content of strain H6 T was 58.4 mol%, which is close to the values recorded for S. sacchari GR21 T (57.8 mol%; Rivas et al., 2008) , S. kuerlensis HR1 T (50.5 mol %; Yang et al., 2009) and S. deserti WLJ055 T (55.5 mol%; Sun et al., 2016) . The DNA-DNA relatedness value between strain H6 T and S. sacchari GR21 T was 55.0±2.5 %, which was lower than 70 %, the threshold value for the assignment of genomic species (Stackebrandt & Goebel, 1994; Wayne et al., 1987) .
Cellular fatty acids of strain H6
T and the type strains of related species were analysed by using colonies grown on LB agar for 48 h at 30 C. The fatty acids were extracted, analysed and identified by the protocol of the Sherlock Microbial Identification System (Sherlock version 6.1; MIDI) (Sasser, 1990) , which consisted of a gas chromatograph (6890N; Agilent) fitted with a 5 % phenyl-methyl silicone capillary column (0.2 mmÂ25 m), a flame-ionization detector, an automatic sampler (7683A; Agilent) and a computer. The cell-wall peptidoglycan was studied using the methods of Hasegawa et al. (1983) . Polar lipids were analysed by two-dimensional TLC and identified following Tindall et al. (1990) . Menaquinones were extracted by using the method described by Komagata & Suzuki (1987) and identified by HPLC (Kroppenstedt, 1982) . The cellular fatty acids of strain H6
T and the type strains of related species of the genus Saccharibacillus are listed in Table 1 . The major fatty acids of strain H6 T (>10 %) were anteiso-C 15 : 0 (62.8 %) and C 16 : 0 (12.2 %), which were also the major fatty acids of S. sacchari GR21 T , S. kuerlensis HR1 T and S. deserti WLJ055 T . The peptidoglycan of strain H6 T was meso-diaminopimelic acid, in line with all other members of the genus Saccharibacillus. The predominant isoprenoid quinone was MK-7, which supports the affiliation of strain H6
T to the genus Saccharibacillus; in addition, a small amount of MK-6 was also detected in strain H6
T . This profile was similar to that of S. kuerlensis HR1 T , but slightly different from S. sacchari GR21
T , in which unidentified menaquinone was detected. The polar lipids of strain H6
T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphoglycolipid and three unknown glycolipids (Fig. S3) . Diphosphatidylglycerol, the dominant and typical polar lipid of other genera of the family Paenibacillaceae, was detected in strain H6
T , but phosphatidylethanolamine, which occurs in other genera of the family Paenibacillaceae, was not detected; this was consistent with all other members of the genus Saccharibacillus. In addition, the unknown phospholycolipid, which was detected in strain H6
T , was also present in all other members of the genus Saccharibacillus, but has not been reported in other genera. The polar lipid profile of strain H6
T was slightly different from that of S. kuerlensis HR1 T , in which three unknown glycolipids were not detected. Aminophospholipids were found in S. sacchari GR21 T and S. deserti WLJ055 T , but not in strain H6 T and S. kuerlensis HR1
T . These cellular fatty acid and polar lipid profiles supported the affiliation of strain H6
T to the genus Saccharibacillus.
In order to characterize strain H6 T , standard phenotypic tests were selected by the recommended Minimal Standards for describing new taxa of aerobic, endospore-forming bacteria (Logan et al., 2009) . The cellular morphology characteristics of strain H6
T were studied by light microscopy (CX21; Olympus) and transmission electron microscopy (H-7650; Hitachi) with cells grown in LB agar at 30 C for 36 h. Motility was observed with the hanging-drop method (Murray et al., 1994) . A Gram reaction and endospore staining was determined using the method described by Smibert & Krieg (1994) . Catalase activity was studied by bubble production in a 3 % (v/v) hydrogen peroxide solution. Oxidase activity was determined based on the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine. Growth in LB liquid medium at different temperature (0, 4, 10, 15, 20, 28, 32, 37, 42 and 45 C) and at various pH values (pH 4.0-11.0, at intervals of 1 pH unit) was assayed after incubation for 5 days. The various pH values were achieved by adjusting the pH of the media with NaOH and HCl before autoclaving. The buffers used to keep the pH stable for the LB medium (each at a final concentration of 100 mM) were: acetate (for pH 4.0-5.0), phosphate (for pH 6.0-8.0) and Tris (for pH 9.0-11.0). Antibiotic-sensitivity tests (performed in duplicate) were conducted using filter paper discs (8 mm diameter) containing (mg per disc unless otherwise stated): amoxicillin (10), ampicillin (10), carbenicillin (100), cefamezin (30), ceftazidime (30), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), ofloxacin (5), penicillin G (10 IU), polymyxin B (30), rifampicin (5), streptomycin (10), tetracycline (30) or vancomycin (30). The zone (2 mm) of inhibition was tested after incubation for 5 days. Acid production from different carbohydrates, enzyme activities, nitrate reduction, indole production, production of H 2 S, and hydrolysis of aesculin, urea and gelatin were performed using the API ZYM, API 20E and API 50CH kits (bio-M erieux) according to the manufacturer's instructions. The reference strains S. deserti WLJ055 T , S. kuerlensis HR1 T and S. sacchari GR21 T were simultaneously tested under the same conditions. Cells of strain H6
T were Gram-stain-positive rods with polar and subpolar flagella (Fig. S4 ). They were 0.4-0.6 mm in width and 0.9-1.5 mm in length. Colonies on LB agar were red, round, convex and smooth with a diameter of 1.0-1.5 mm after incubation for 48 h at 30 C. Strain H6
T could grow at pH 5.0-10.0 (optimum pH 7.0), at 15-40 C (optimum 30 C) and with 0-3 % NaCl (w/v; optimum 1 %). More detailed physiological and biochemical characteristics of strain H6
T are given in the species description and in Table 2. Based on the phylogenetic, biochemical and chemotaxonomic criteria, it is proposed that strain H6
T should be classified as the type strain of a novel species of the genus Saccharibacillus, for which the name Saccharibacillus qingshengii sp. nov. is proposed.
Description of Saccharibacillus qingshengii sp. nov. . All data are from this study unless indicated otherwise. All strains were positive for catalase activity, b-galactosidase, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and urease. All strains were negative for gelatin hydrolysis and production of H 2 S. According to API 50CH test strip results, all strains are positive for acid production from glycerol, Growth at: With the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, agalactosidase, b-galactosidase, a-glucosidase, b-glucosidase and b-fucosidase activities are positive, and lipase (C14), valine arylamidase, cysteine arylamidase, trypsin, b-glucuronidase, N-acetylglucosamine and a-mannosidase activities are negative. With the API 20E system, positive reactions are observed for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, urease and indole production, and negative reactions are observed for gelatin hydrolysis and production of H 2 S. Resistant to ampicillin, erythromycin, ofloxacin, streptomycin, carbenicillin, kanamycin and tetracycline, and sensitive to amoxicillin, ceftazidime, gentamicin, polymyxin B, vancomycin, cefazolin, chloramphenicol, penicillin G and rifampicin. The major fatty acids (>10 %) are anteiso-C 15 : 0 and C 16 : 0 . The diagnostic diamino acid of the peptidoglycan is meso-diaminopimelic acid. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphoglycolipid and three unknown glycolipids. and the predominant isoprenoid quinone is MK-7.
The type strain, H6 T (=CCTCC AB2016001 T =JCM 31172 T ), was isolated from a lead-cadmium tailing in Qixia (Nanjing, China). The DNA G+C content of the type strain is 58.4 mol%.
